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7KH VHD ORXVH /HSHRSKWKHLUXV VDOPRQLV LV D PDMRU HFWRSDUDVLWH RI ERWK IDUPHG DQG ZLOG
VDOPRQLGVWKDWFDXVHVVXEVWDQWLDOHFRQRPLFORVVHVWR WKHVDOPRQLQGXVWU\ZRUOGZLGH+RZHYHU
LQ%ULWLVK&ROXPELD%&VHDOLFHGRQRWW\SLFDOO\UHSUHVHQWDVLJQLILFDQWKHDOWKWKUHDWWRIDUPHG
VDOPRQ 6HD OLFH SDWWHUQV RQ$WODQWLF VDOPRQ IDUPV LQ %& DUH QRW IXOO\ XQGHUVWRRG EXW LW LV
EHOLHYHGWKH\DUHKLJKO\LQIOXHQFHGE\VHDZDWHUVDOLQLW\OHYHOVZKLFKYDU\GUDPDWLFDOO\RYHUWKH
\HDU7KHREMHFWLYHRIWKLVLQYHVWLJDWLRQZDVWRHYDOXDWHWKHHIIHFWVRIFKDQJHVLQZDWHUVDOLQLW\
RQPRELOH/VDOPRQLV IRXQGLQIDUPHGVDOPRQLGVLQ WKH0XFKDODW ,QOHW%&ZKLOHFRQWUROOLQJ
IRUSRWHQWLDOFRQIRXQGLQJIDFWRUV8VLQJGDLO\IDUP-EDVHGVDOLQLW\PHDVXUHPHQWVRYHUD-\HDU
SHULRGZHEXLOWGLIIHUHQWVDOLQLW\PHWULFVWRVXPPDUL]HVDOLQLW\GURSVZLWKLQVSHFLILFSHULRGVRI
WLPH SULRU WR VHD OLFH VDPSOLQJ HYHQWV 2XU UHVXOWV VXJJHVW WKDW UHGXFHG VDOLQLW\ QHJDWLYHO\
LPSDFWHGPRELOHVHDOLFHLQWKUHHGLIIHUHQWZD\VILUVWDGLUHFWHIIHFWRQPRELOHOLFHODVWLQJQR
PRUH WKDQGD\VHFRQGDQHIIHFWPHGLDWHGE\GHWULPHQWDO LPSDFWVRQSUH-PRELOH OLFHVWDJHV










DQG SRRU IHHG-FRQYHUVLRQ HIILFLHQF\ ,Q FDVHV RI KHDY\ LQIHVWDWLRQ ILVK GHDWK PD\ DOVR RFFXU
&RVWHOOR  %XUND HW DO 7KH VHD ORXVH LV FRQVLGHUHG D PDMRU KHDOWK WKUHDW IRU WKH
IDUPHG VDOPRQ LQGXVWU\ ZRUOGZLGH &RVWHOOR  ,Q DGGLWLRQ WKHUH LV FRQFHUQ DERXW WKH
SRWHQWLDO QHJDWLYH LPSDFWV WKDW OLFHRULJLQDWHG IURPVDOPRQ IDUPVPD\KDYHRQZLOG VWRFNV LQ





$OWKRXJK/ VDOPRQLV LV FRPPRQO\ UHSRUWHGRQ IDUPHG$WODQWLF VDOPRQ LQ%& 6DNVLGD HW DO
DEVHDOLFHGRQRWUHSUHVHQWDVLJQLILFDQWKHDOWKWKUHDW WRIDUPHGVDOPRQVWRFNVLQ
WKLV UHJLRQ +LVWRULFDOO\ GDPDJH DV D UHVXOW RI VHD OLFH LQIHFWLRQ KDV QRW EHHQ UHSRUWHG LQ WKLV




















PHOWLQJ LQ VSULQJ %HDPLVK HW DO  )RUHPDQ HW DO  ,Q OLJKW RI WKH IDFW WKDW





WKH%URXJKWRQ$UFKLSHODJR ZKLFKQRUPDOO\ RFFXU -XQH WKURXJK1RYHPEHUQDWXUDOO\ FRQWUROV
VHDOLFHGLVSHUVDOLQWKHDUHD 
 
,Q JHQHUDO REVHUYDWLRQDO VWXGLHV KDYH IDLOHG WR UHYHDO VLJQLILFDQW DVVRFLDWLRQV EHWZHHQ /
VDOPRQLVDEXQGDQFHDQGVDOLQLW\OHYHOVLQ%&DQGRWKHUUHJLRQV6DNVLGDHWDOD-DQVHQHW
DO  ,Q D UHYLHZ RI UHVHDUFK WKDW KDV EHHQ FRQGXFWHG LQ %& WKH DXWKRUV QRWH WKDW WKH
VDOLQLW\ GDWD PD\ KDYH EHHQ LQVXIILFLHQW LQ TXDQWLW\ TXDOLW\ RU YDULDWLRQ WR GHWHFW VLJQLILFDQW
DVVRFLDWLRQVDQGUHFRPPHQGXVLQJORQJHUWLPHVHULHVWRXQGHUVWDQGWKHIDFWRUVFRQWULEXWLQJWR/
VDOPRQLV DEXQGDQFH RQ IDUPHG $WODQWLF VDOPRQ 6DNVLGD HW DO  0RUH UHFHQWO\ DQ
REVHUYDWLRQDOVWXG\IRXQGDSRVLWLYHVLJQLILFDQWDVVRFLDWLRQEHWZHHQVDOLQLW\OHYHOVDQGVHDOLFH
DEXQGDQFHRQZLOGDQGFDSWLYHVDOPRQIURP%&5HHVHWDO&RPSOHPHQWDULO\XQGHUWKH




,Q WKLV LQYHVWLJDWLRQZHXVHGD-\HDU ORQJ UHFRUGRIGDLO\ VDOLQLW\PHDVXUHPHQWVDWGLIIHUHQW












FRDVW RI 9DQFRXYHU ,VODQG %ULWLVK &ROXPELD 7KLV LQOHW KDUERXUV ILYH ILVK IDUPV DOO UHDULQJ









IHPDOHV ZLWK RU ZLWKRXW HJJ VWULQJV (DFK PRQWK  WR  PHDQ  FDJHV ZHUH VDPSOHG WR
HVWLPDWH VHD OLFH DEXQGDQFH ,Q JHQHUDO ZKHQ WKH PRQWKO\ VDPSOLQJ LQFOXGHG PRUH WKDQ RQH





DVVRFLDWHG QXPEHU RI VDPSOHG ILVK ZDV DOVR SURYLGHG &RPSOHPHQWDU\ LQIRUPDWLRQ UHODWLQJ WR




HDFK IDUP DW    DQG  PHWUH GHSWKV ZKHQHYHU D VLWH ZDV DFWLYH LH ZKHQ ILVK ZHUH
SUHVHQW(QYLURQPHQWDOPHDVXUHPHQWVZHUHW\SLFDOO\WDNHQSULRUWRWKHPRUQLQJIHHGDWDURXQG


















:DWHU VDOLQLW\ KDV EHHQ LQFOXGHG LQ VHYHUDO REVHUYDWLRQDO VWXGLHV DLPHG DW PRGHOOLQJ VHD OLFH
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)RU WKH VKRUW-WHUP ZLQGRZ VDOLQLW\ OHYHOV ZHUH ILUVW VXPPDUL]HG LQ WKUHH GLIIHUHQW IRUPV WKH
DULWKPHWLF PHDQ WKH QXPEHU RI GD\V WKDW VDOLQLW\ OHYHOV GURSSHG EHORZ D FHUWDLQ FULWLFDO
WKUHVKROGDQGWKHVXPRIGDLO\VDOLQLW\GLIIHUHQFHVEHWZHHQDFHUWDLQFULWLFDO WKUHVKROGDQGWKH
UHFRUGHGGDLO\ VDOLQLW\ (T&ULWLFDO WKUHVKROGVZHUHVHW DWDQGSSW DFFRUGLQJ WR




FULWLFDO WKUHVKROG ZHUH DOO VHW WR ]HUR7KH VXP RI GDLO\ VDOLQLW\ GURSV EHORZ D FHUWDLQ FULWLFDO
WKUHVKROGZDVFDOFXODWHGDVIROORZV 
 ෍ ሺ߬ െ ݏ݈ܽௗሻା௡೏ିଵௗୀଵ  (T 
 
:KHUH݊ௗLVWKHQXPEHURIGD\VLQWKHFXUUHQWWHPSRUDOZLQGRZݏ݈ܽௗLVWKHZDWHUVDOLQLW\DW݀GD\VEHIRUHDJLYHQVHD OLFHVDPSOHDQG߬ LV WKHFULWLFDOVDOLQLW\ WKUHVKROGZKLFKFDQ WDNH WKH
YDOXHVRIRUSSW7KHSOXV VLJQ  LQGLFDWHV WKDWQHJDWLYHRXWFRPHV IRU ሺ߬ െ ݏ݈ܽௗሻZHUHVHWWR]HUR 
 


















,Q DGGLWLRQ WR WKDWGDLO\ VDOLQLW\YDOXHVREVHUYHGRQ WKHVDPSOLQJGD\DQGRQRQH WZR WKUHH
IRXU DQG ILYH GD\V SULRU WR D JLYHQ VHD OLFH VDPSOLQJ HYHQW ZHUH DOVR DQDO\]HG LQ RUGHU WR
HYDOXDWHSRWHQWLDOVKRUW-WHUPVDOLQLW\HIIHFWV LQDVLPSOHUZD\$IXOOGHVFULSWLRQRI WKHVDOLQLW\
PHWULFVXVHGLQWKHVWXG\LVSUHVHQWHGLQ7DEOH)RUPLG-ORQJ-DQGORQJHU-WHUPZLQGRZVWKH
IROORZLQJ VDOLQLW\ PHWULFV ZHUH FDOFXODWHG WKH DULWKPHWLF PHDQ WKH VXP RI GD\V WKDW VDOLQLW\
OHYHOV GURSSHG EHORZ D FHUWDLQ FULWLFDO WKUHVKROG DQG WKH VXP RI GDLO\ VDOLQLW\ GURSV EHORZ D
FHUWDLQFULWLFDOWKUHVKROG%HFDXVHWKHVHWHPSRUDOZLQGRZVZHUHSODFHGIXUWKHUIURPWKHVHDOLFH
VDPSOLQJHYHQWZHGLGQRWH[SHFWWKDWPRUHUHFHQWVDOLQLW\GURSVZLWKLQ WKRVHZLQGRZVZRXOG

























7KH PHDQ PRELOH OLFH DEXQGDQFH ZDV PRGHOHG XVLQJ OLQHDU PL[HG HIIHFWV PRGHOV ZLWK ILVK
 
 
SURGXFWLRQ F\FOH DV D UDQGRP HIIHFW ,Q RUGHU WR PHHW QRUPDOLW\ DQG KRPRVFHGDVWLFLW\




SURFHGXUH LQGLFDWHG WKDW  ZDV D VXLWDEOH RIIVHW IRU WKH PRGHO 7KH PRGHO HTXDWLRQ ZDV
H[SUHVVHGDV 
 ሺ ௧ܻ௖ ൅  ?Ǥ ? ?ሻ ൌ  ܺ௧௖ߚ ൅ ݑ௖ ൅ ߝ௧௖ (T 
 
ZKHUH ௧ܻ௖LVWKHPRELOHOLFHPHDQDEXQGDQFHDWWLPHWLQDSDUWLFXODUSURGXFWLRQF\FOHFܺ௧௖LVWKH YHFWRU IRU IL[HG HIIHFWV ߚ LV WKH FRUUHVSRQGLQJ FRHIILFLHQW YHFWRU ZKLOH ݑ௖ LV WKH UDQGRPHIIHFWIRUILVKSURGXFWLRQF\FOHDVVXPHGWREHLQGHSHQGHQWDQGQRUPDOO\GLVWULEXWHGZLWKPHDQ




:H SURGXFHG D SUHOLPLQDU\ PRGHO FRQWDLQLQJ DOO UHOHYDQW YDULDEOHV LQ WKH V\VWHP H[FHSW IRU
WKRVH UHSUHVHQWLQJ VDOLQLW\ HIIHFWV 7KLV PRGHO ZDV EXLOW IROORZLQJ D VWHSZLVH EDFNZDUG
HOLPLQDWLRQSURFHGXUH:HWKHQWHVWHGVDOLQLW\PHWULFVIRUWKHVKRUW-WHUPZLQGRZRQHDWDWLPH








IRU VDOLQLWLHV UHFRUGHGDWGHSWKVRIDQGPHWUHVSURGXFLQJ WZR ILQDO FDQGLGDWHPRGHOV7KH
ILQDOPRGHOZDVFKRVHQEHWZHHQWKHVHWZREDVHGRQVWDWLVWLFDO$,&DQGELRORJLFDOFULWHULD 
 






RI HIIHFWV IRU SUHGLFWRUV E\ FRQYHUWLQJ HDFK YDULDEOH LQ WKH ILQDO PRGHO WR =-VFRUHV /LQHDULW\
EHWZHHQFRQWLQXRXVSUHGLFWRUVDQGWKHRXWFRPHZDVDVVHVVHGE\LQFOXGLQJTXDGUDWLFWHUPV,IWKH
ODWWHUZDVVLJQLILFDQWWKHTXDGUDWLFIRUPRIWKHSUHGLFWRUZDVUHWDLQHGLQWKHPRGHO1RUPDOLW\RI
HUURU WHUPVZDV HYDOXDWHGE\ D 4-4SORWXVLQJ VWDQGDUGL]HG UHVLGXDOVZKLOHKRPRVFHGDVWLFLW\


















3DUWLFLSDWLQJ IDUPV FRQWULEXWHG D WRWDO RI  IDUP-OHYHO VHD OLFH VDPSOLQJ HYHQWV GXULQJ WKH
VWXG\ SHULRG ZLWK D PLQLPXP RI  DQG D PD[LPXP RI  SHU LQGLYLGXDO IDUP7KH RYHUDOO
PHGLDQ OLFH SHU ILVK ZDV  6'  IRU SUH-PRELOHV DQG  6'  IRU WRWDO
PRELOHV 7DEOH  0HDQ VHD OLFH OHYHOV LQ WKH WZR JURXSV YDULHG DFURVV IDUPV DOWKRXJK WKHUH
ZHUHQRSDUWLFXODUIDUPVZLWKFRQVLVWHQWO\KLJKHURUORZHUVHDOLFHOHYHOVRYHUWLPH,QJHQHUDO
PHDQ PRELOH OHYHOV ZHUH PRUH VLPLODU DFURVV IDUPV RYHU WLPH WKDQ SUH-PRELOH VWDJHV 7KH














ORZHVW PHDQ VDOLQLW\ ZDV UHFRUGHG DW  PHWUH GHSWK  SSW DQG LQFUHDVHG ZLWK GHSWK
$OWKRXJK WKH VDOLQLW\ UDQJH ZDV SUDFWLFDOO\ WKH VDPH DW WKH IRXU GHSWKV a WR  SSW WKH
LQWHUTXDUWLOHUDQJHLQGLFDWHVWKDWDODUJHSURSRUWLRQRIWKHYDOXHVEHORZSSWZHUHPHDVXUHGDW
WKH  PHWUH GHSWK 7DEOH  6DOLQLW\ DOVR H[KLELWHG D VHDVRQDO SDWWHUQ ZLWK VSULQJ DQG HDUO\
ZLQWHU DVVRFLDWHG ZLWK GURSV LQ VDOLQLW\ 6HDVRQDOLW\ ZDV PRUH HYLGHQW DW VKDOORZHU GHSWKV
UHIOHFWLQJ WKH IDFW WKDW PRUH VWDEOH YDOXHV WHQGHG WR EH UHFRUGHG DV GHSWK LQFUHDVHG 7KHVH
VHDVRQDOSDWWHUQVDUHFOHDUO\REVHUYDEOHLQ)LJXUHDVKRZLQJVPRRWKHGVDOLQLW\FXUYHV$OSKD 




EHWZHHQ -DQXDU\ DQG0DUFK DQGKLJKHU UHFRUGV LQ -XO\ DQG$XJXVW )LJXUH'LIIHUHQFHV LQ
WHPSHUDWXUHGLVSOD\HGOHVVYDULDELOLW\DWJUHDWHUGHSWKVDVPLJKWEHH[SHFWHGGXHWRWKHIDFWWKDW




H[DPSOHRI WKHVHSDWWHUQV )LJXUHE0HDQ WHPSHUDWXUHVGHPRQVWUDWHGDQ LQYHUVHDVVRFLDWLRQ
ZLWKGHSWKDOWKRXJKWKHGLIIHUHQFHLQPHDQWHPSHUDWXUHVPHDVXUHGDWDQGPHWUHGHSWKVZDV
OHVVWKDQRQHGHJUHHYHUVXV&7KHRYHUDOOWHPSHUDWXUHUDQJHZDVIURPWR





DVVRFLDWHG ZLWK VHD OLFH VDPSOLQJ HYHQWV ZDV IURP  J WR  NJ ,Q WKH FDVH RI WKH WRWDO





GHSWKV SURGXFLQJ WZRFDQGLGDWHPRGHOV)RU VDOLQLW\ DW PHWUH WKH ORZHVW$,&HVWLPDWHZDV
DFKLHYHGE\LQFOXGLQJWKHVDOLQLW\OHYHOUHFRUGHGRQWKHVDPHGD\DVWKHVHDOLFHVDPSOLQJHYHQW
IRU WKH VKRUW-WHUP ZLQGRZ DQG WKH PHDQ VDOLQLW\ IRU WKH PLG- DQG WKH ORQJHU-WHUP ZLQGRZV
7DEOH  SUHVHQWV WKH$,& YDOXHV DVVRFLDWHG ZLWK PRGHOV EXLOW XVLQJ PHWULFV IURP WKH  PHWUH
GHSWK,QWKHPRGHOEXLOWRQVDOLQLW\DWPHWUHVWKHEHVWILWZDVREWDLQHGZLWKWKHVDOLQLW\OHYHO
UHFRUGHGWKHVDPHGD\DV WKHVHDOLFHVDPSOLQJHYHQWIRU WKHVKRUW-WHUPZLQGRZDQGWKHPHDQ
VDOLQLW\ LQ WKH PLG-WHUP ZLQGRZ :KHQ WKH WZR FDQGLGDWH PRGHOV ZHUH FRPSDUHG WKH PRGHO







VDPSOLQJ HYHQW DOVR VKRZHG D SRVLWLYH DQG VLJQLILFDQW DVVRFLDWLRQ ZLWK PRELOH OLFH FRXQWV
SDQGS UHVSHFWLYHO\0RELOHOLFHDEXQGDQFHGHFUHDVHGE\DQGIRUHDFK
PHDQ VDOLQLW\ XQLW GURS ZLWKLQ WKHVH WZR WHPSRUDO ZLQGRZV &RUUHODWLRQV EHWZHHQ VDOLQLW\
PHWULFVLQWKHILQDOPRGHOZHUHQRWJUHDWHUWKDQ 
 






























$WODQWLF VDOPRQ LQ 0XFKDODW ,QOHW %ULWLVK &ROXPELD 7R WKDW HQG ZH PRGHOHG PRELOH OLFH
DEXQGDQFHDVDIXQFWLRQRIGLIIHUHQWVDOLQLW\PHWULFVEXLOWIRUWHPSRUDOZLQGRZVVHWSULRUHDFK















OLFH VDPSOLQJ HYHQW $ VLPLODU LQWHUSUHWDWLRQ FDQ EH PDGH RQ WKH UHVXOWLQJ $,& HVWLPDWHV RI
PRGHOVLQFOXGLQJWLPH-ZHLJKWHGVXPRIGDLO\VDOLQLW\GURSVEHORZSSW$PRQJWKLVJURXSRI
PRGHOVWKHRQHXVLQJDOSKD DFKLHYHGWKHKLJKHVWILWLQGLFDWLQJWKHLPSDFWRIVDOLQLW\OHYHO
RQ WKH VDPSOLQJGD\ZDVPRUH LPSRUWDQW WKDQ WKH LPSDFWRI VDOLQLW\ OHYHOV D IHZGD\VEHIRUH
)XUWKHUPRUH WKH$,& RI WKDW PRGHO ZDV SUDFWLFDOO\ WKH VDPH DV WKH$,& RI WKH ILQDO PRGHO
ZKLFKPHDQVUHGXFHGVDOLQLW\RQHRUPRUHGD\VODWHUGLGQRWDGGDQ\DGGLWLRQDOHIIHFWRQPRELOH
OLFHRYHU WKHHIIHFWRIVDOLQLW\ UHFRUGHG WKHVDPHGD\ DV WKHVHD OLFHVDPSOLQJ&RQVLVWHQWZLWK




5HVHDUFK DGGUHVVLQJ WKH HIIHFW RI UHGXFHG VDOLQLW\ RQ VHD OLFH VXUYLYDO DQG GHYHORSPHQW LV
UHODWLYHO\VFDUFH+RZHYHUHIILFDF\HYDOXDWLRQRI³IUHVKZDWHUWUHDWPHQWV´W\SLFDOO\SSWIRU









WKDW PRVW DGXOW OLFH GLHG DIWHU - GD\V RI FRQWLQXRXV H[SRVXUH WR IUHVKZDWHU DOWKRXJK VRPH
LQGLYLGXDOV VXUYLYHG XS WR - GD\V +DKQHQNDPS  0F/HDQ HW DO  $ UHFHQW
LQYHVWLJDWLRQUHSRUWHGWKDWSUH-DGXOWDQGPDWXUHIHPDOHOLFHQXPEHUVZHUHVLJQLILFDQWO\UHGXFHG
LPPHGLDWHO\DIWHUD-KRXUIUHVKZDWHU WUHDWPHQW LQDZHOOERDW3RZHOOHWDO LQGLFDWLQJ





LQZKLFK WKH\DUHHPEHGGHGPD\DFWDVDEDUULHU 6WRQHHWDO ,QDGGLWLRQ ORZVDOLQLW\
DGDSWDWLRQKDVEHHQUHSRUWHGIRUWKHPDWXUHIHPDOHVWDJHRI&DOLJXVURJHUFUHVVH\L%UDYRHWDO
 ZKLFK PD\ DOVR RFFXU LQ / VDOPRQLV7KHVH IDFWRUV DPRQJ RWKHUV FRXOG KHOS H[SODLQ
ZK\ VRPH H[SHULPHQWDO VWXGLHV UHSRUWHG QRQ-VLJQLILFDQW UHGXFWLRQV LQ DGXOW OLFH FRXQWV DIWHU
IUHVKZDWHUH[SRVXUH6WRQHHWDO:ULJKWHWDO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7KH VHFRQG VDOLQLW\ HIIHFW RQ PRELOH OLFH ZDV DVVRFLDWHG ZLWK UHGXFWLRQV LQ WKH PHDQ VDOLQLW\
OHYHOVREVHUYHGIURPWRGD\VSULRUHDFKVHDOLFHVDPSOLQJHYHQW%DVHGRQWKH/VDOPRQLV
OLIHF\FOHHVWLPDWHGGHYHORSPHQWWLPH+D\ZDUGHWDO+DPUHHWDODQGDVVXPLQJ
D FRQVWDQW ZDWHU WHPSHUDWXUH RI  & ZH FDQ SUHVXPH PRVW DGXOW OLFH REVHUYHG DW D JLYHQ
VDPSOLQJHYHQWZRXOGOLNHO\KDYHEHHQLQWKHFRSHSRGLGFKDOLPXVRUFKDOLPXVVWDJHGXULQJ
WKH - GD\V SULRU WR VDPSOLQJ *LYHQ SUHYLRXV UHVHDUFK IRXQG WKDW SUH-PRELOH / VDOPRQLV
VWDJHVDUHSDUWLFXODUO\VXVFHSWLEOHWRORZVDOLQLW\RUIUHVKZDWHU7XFNHUHWDO%ULFNQHOOHW
DO3RZHOOHWDO:ULJKWHWDORXUILQGLQJVFRXOGEHLQWHUSUHWHGDVVDOLQLW\
KDYLQJ DQ LPSDFW RQ WKH SUH-PRELOH DEXQGDQFH ZKLFK LV WKHQ ODWHU VHHQ WR UHGXFH DGXOW OLFH
FRXQWV6DOLQLW\H[SUHVVHGDVWKHVXPRIGDLO\VDOLQLW\GURSVEHORZSSWSURGXFHGDPRGHOZLWK






WKHVHD OLFHVDPSOLQJHYHQW7KLV WHPSRUDOZLQGRZOLNHO\FRUUHVSRQGV WR WKH WLPHSHULRGZKHQ
REVHUYHG PRELOH OLFH ZHUH FRQFHLYHG DQG VXJJHVWV WKDW UHGXFHG VDOLQLW\ GXULQJ WKLV SHULRG
QHJDWLYHO\LPSDFWHGWKHIHFXQGLW\RIWKHSDUHQWVRIWKDWFRKRUW7KHUHLVRQO\RQHSXEOLVKHGVWXG\
RQVDOLQLW\DQGVHDOLFHIHFXQGLW\FRQGXFWHGLQ&KLOHRQ&URJHUFUHVVH\L IURPIDUPHG$WODQWLF
VDOPRQ %UDYRHW DO ZKR UHSRUWHG ODUJH JUDYLG IHPDOHV DQGKLJKQXPEHUVRI HJJVSHU








VZLPPLQJ / VDOPRQLV VWDJHV ZKLFK IRXQG WKDW VXUYLYDO DQG GHYHORSPHQW RI SODQNWRQLF OLFH
VWDJHVDVZHOODVVHWWOHPHQWUDWHVRIFRSHSRGLGVRQWKHKRVWGHSHQGKHDYLO\RQRSWLPDOVDOLQLW\
OHYHOVLHDWOHDVWSSW+DKQHQNDPS-RKQVRQ	$OEULJKW%URRNV*HQQD
HW DO  %ULFNQHOO HW DO  :H K\SRWKHVLVH WKDW WKH PRVW OLNHO\ UHDVRQ IRU WKLV
GLVDJUHHPHQW OLHV LQ WKH IDFW WKDW RXU VWXG\ XVHG GLIIHUHQW PHWKRGRORJLFDO DSSURDFKHV WKDQ
SUHYLRXVVWXGLHVRQWKLVPDWWHU:KLOHSUHYLRXVUHVHDUFKDVVHVVHGWKHHIIHFWRIUHGXFHGVDOLQLW\RQ
SODQNWRQLFOLFHVWDJHV LQDGLUHFWZD\ WKLV LVXVLQJSODQNWRQLFVWDJHVDV WKHVWXG\RXWFRPHZH
DWWHPSWHG WR FDSWXUH WKLV DVVRFLDWLRQ WKURXJK WKH HYDOXDWLRQ RI DGXOW OLFH VWDJHV ZKLFK LV DQ
LQGLUHFW ZD\ $QRWKHU SRVVLEOH UHDVRQ RI WKLV GLVFUHSDQF\ LV WKDW SUHYLRXV UHVHDUFK DGGUHVVLQJ
WKHVHPDWWHUVKDVPRVWO\XVHG WKHH[SHULPHQWDOVHWWLQJZKLOHLQRXUFDVHZHKDYHSXUVXHGDQ












6WDQGDUGL]HG FRHIILFLHQW HVWLPDWHV VXJJHVW WKDW WKH JUHDWHVW VDOLQLW\ LPSDFW RQ PRELOH OLFH
DEXQGDQFH ZDV H[HUWHG WKURXJK D GHWULPHQWDO HIIHFW RQ SUH-PRELOH VWDJHV LH FRSHSRGLG
FKDOLPXVDQG7KLVHIIHFWZDVWLPHVODUJHUWKDQERWKWKHGLUHFWVDOLQLW\HIIHFWRQPRELOH






7KH LPSRUWDQW UROH RI ZDWHU WHPSHUDWXUH RQ VHD OLFH VXUYLYDO DQG GHYHORSPHQW LV ZHOO NQRZQ
-RKQVRQ 	 $OEULJKW  7XFNHU HW DO  6WLHQ HW DO  *URQHU HW DO 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&RQVHTXHQWO\ZHLQFOXGHGWKHPHDQZDWHUWHPSHUDWXUHIRUHDFKRIWKHWHPSRUDOZLQGRZVXVHG
WR HYDOXDWH WKH HIIHFWV RI VDOLQLW\ 7KH RQO\ VLJQLILFDQW HIIHFW IURP ZDWHU WHPSHUDWXUH ZDV
REVHUYHGRQWKHORQJHU-WHUPZLQGRZVVXJJHVWLQJWKDWZDWHUWHPSHUDWXUHPD\KDYHDQLPSDFWRQ










PLQRU UROH LQ RXU PRGHOOLQJ IUDPHZRUN $V VXFK LW ZLOO EH LPSRUWDQW WKDW IXWXUH UHVHDUFK
LQYHVWLJDWHV PRUH FRPSOHWHO\ WKH SRWHQWLDO LQWHUDFWLRQV EHWZHHQ VDOLQLW\ DQG VHD ZDWHU
WHPSHUDWXUHRQVHDOLFHGHYHORSPHQW*URQHUHWDODWYDULRXVWHPSRUDOVFDOHV 
 
2WKHUSUHGLFWRUVRI LPSRUWDQFHZHUH WKHSUHVHQFHRIVHD OLFH WUHDWPHQWVDQG PHDQILVKZHLJKW
:LWKUHJDUGWRWUHDWPHQWVWKHILQDOPRGHOLQGLFDWHVWKDWPRELOHOLFHDEXQGDQFHUHGXFHGE\DUDWH
RIZKHQDQ(0%WUHDWPHQWZDVDGPLQLVWHUHGIURPWRGD\VEHIRUHWKHVDPSOLQJHYHQW
7KLV ILQGLQJ SURYLGHV DGGLWLRQDO REVHUYDWLRQDO HYLGHQFH WKDW (0% WUHDWPHQWV FRQWLQXH WR EH
HIIHFWLYH LQ UHGXFLQJ VHD OLFH OHYHOV LQ %& ZKLFK LV FRQVLVWHQW ZLWK HDUOLHU REVHUYDWLRQDO DQG
H[SHULPHQWDO ZRUN 6DNVLGD HW DO   0HDQ ILVK ZHLJKW ZDV LQFOXGHG LQ WKH ILQDO
PRGHODVDZD\WRDGMXVWIRUGLIIHUHQWVL]HDQGRUDJHRIWKHILVK7KHHIIHFWRIPHDQILVKZHLJKW




&RQWUDU\ WR H[SHFWDWLRQV VHD OLFH DEXQGDQFH GLG QRW VLJQLILFDQWO\ YDU\ DFURVV IDUPV DIWHU
DFFRXQWLQJIRURQ-VLWHPDQDJHULDODQGHQYLURQPHQWDOIDFWRUV7KLVLQGLFDWHVWKHUHZHUHQRRWKHU





















SUH-GHILQHG K\SRWKHVHV $V VXFK RXU UHVXOWV VKRXOG QRW EH WDNHQ DV µSURYLQJ¶ VSHFLILF
UHODWLRQVKLSVEXW UDWKHUDV LGHQWLI\LQJ  LQWHUHVWLQJVDOLQLW\PHWULFVZKLFKFRXOGEH LQFOXGHG LQ









IHFXQGLW\ RI SDUHQWV RI WKH OLFH FRKRUW REVHUYHG LQ WKH VHD OLFH VDPSOLQJ HYHQWV 2XU ILQGLQJV
SURYLGH QHZ LQVLJKWV IRU WKH XQGHUVWDQGLQJ RI / VDOPRQLV G\QDPLFV LQ %ULWLVK &ROXPELD DQG
VWUHQJWKHQWKHLGHDLQWURGXFHGE\%URRNVWKDWVDOLQLW\PD\DFWDVDµQDWXUDO¶FRQWUROIDFWRU
LQ%&XQGHUFHUWDLQFRQGLWLRQV,QWHUPVRISUDFWLFDOLPSOLFDWLRQVRXUILQGLQJVPD\VXJJHVWWKDW
WKHUH FRXOGEHV\QHUJLVPVEHWZHHQVDOLQLW\GURSV ZKLFKFDQEH IRUHFDVWHGDQGRWKHU VHD OLFH
FRQWUROPHWULFVVXFKDV WDUJHWHGSKDUPDFRORJLFDO WUHDWPHQWV.QRZLQJKRZWKHVHDUH OLNHO\ WR
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DQG GLVWULEXWLRQ RI WKH LQIHFWLYH FRSHSRGLG VWDJH RI VHD OLFH /HSHRSKWKHLUXV VDOPRQLV RULJLQDWLQJ RQ
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YHORFLW\ LQIOXHQFH SUHVHWWOHPHQW LQWHQVLW\ DQG GLVWULEXWLRQ RQ KRVWV E\ FRSHSRGLGV RI VHD OLFH
/HSHRSKWKHLUXVVDOPRQLV&DQ-)LVK$TXDW6FL± 
 
*URQHU 0/ *HWWLQE\ * 6WRUPRHQ 0 5HYLH &: &R[ 5  0RGHOOLQJ WKH LPSDFW RI
WHPSHUDWXUH-LQGXFHG OLIH KLVWRU\ SODVWLFLW\ DQG PDWH OLPLWDWLRQ RQ WKH HSLGHPLF SRWHQWLDO RI D PDULQH
HFWRSDUDVLWH3/R621(H 
 




+DKQHQNDPS /  7KH RVPRWLF UHVSRQVH RI WKH VDOPRQ ORXVH /HSHRSKWKHLUXV VDOPRQLV GXULQJ
WUDQVLWLRQIURPIUHVKZDWHUWRVHDZDWHU-&RPS3K\VLRO%± 
 
+DPUH /$ (LFKQHU & &DLSDQJ &0$ 'DOYLQ 67 %URQ -( 1LOVHQ ) %R[VKDOO * 6NHUQ-
0DXULW]HQ 5 7KH VDOPRQ ORXVH /HSHRSKWKHLUXV VDOPRQLV &RSHSRGD &DOLJLGDH OLIH F\FOH KDV
RQO\WZRFKDOLPXVVWDJHV3/R621(H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RQ MXYHQLOH SLQN 2QFRUK\QFKXV JRUEXVFKD DQG FKXP 2QFRUK\QFKXV NHWD VDOPRQ LQ WKH QHDUVKRUH
PDULQHHQYLURQPHQWRI%ULWLVK&ROXPELD&DQDGD&DQ-)LVK$TXDW6FL± 
 





OLFH LQ VHDZDWHU VDOPRQ SURGXFWLRQ &RQVLGHUDWLRQV RI ZDWHU FKHPLVWU\ DQG ILVK ZHOIDUH LQ 1RUZD\
$TXDFXOWXUH± 
 
5HHV (( 6W-+LODLUH 6 -RQHV 650 .UNRãHN 0 'H'RPLQLFLV 6 )RUHPDQ 0**
3DWDQDVDWLHQNXO 7 5HYLH &:  6SDWLDO SDWWHUQV RI VHD OLFH LQIHFWLRQ DPRQJ ZLOG DQG FDSWLYH
VDOPRQLQZHVWHUQ&DQDGD/DQGVFDSH(FRO± 
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RQ IDUPHG$WODQWLF VDOPRQ 6DOPR VDODU/ ORFDWHG LQ WKH%URXJKWRQ$UFKLSHODJRRI%ULWLVK&ROXPELD
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$Q ,QWHJUDWHG$SSURDFK WR
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6XP RI WLPH-ZHLJKWHG GD\V WKDW VDOLQLW\ OHYHOV GURSSHG EHORZ D FULWLFDO










 0HDQVDOLQLW\ $ULWKPHWLFPHDQRIGDLO\VDOLQLW\YDOXHV 
  'D\VEHORZWKH
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 DQG PRGHOV XVLQJ GLIIHUHQW VDOLQLW\ DQG WHPSHUDWXUH PHWULFV  PHWUH GHSWK Q  $
VHOHFWLRQ RI VDOLQLW\ PHWULFV EDVHG RQ WKH  SSW WKUHVKROG DUH SUHVHQWHG DORQJ ZLWK WKH EHVW
SHUIRUPLQJVDOLQLW\PHWULFEXLOWRQWKHSSWWKUHVKROG  
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